emergency care in November, 2006 . A review of her medical history revealed no underlying systemic disease. The patient also complained of several episodes of melena and anorexia during the 3 days before admission. Her hemodynamic status was normal, but physical examination revealed pale conjunctiva and dry oral mucosa. Irrigation by a nasogastric tube obtained a substance resembling ground coffee. Other than a hemoglobin level of 7.4 g/dL, her laboratory results were normal. Gastroendoscopy revealed an antral submucosal tumor over the lesser curvature side with an ulcer over the tumor and stigmata (Figure 1 ). An abdominal computed tomography (CT) scan after admission showed one antral intramural tumor and three other lesions over segments II/V of the liver and the retroperitoneal space. These lesions were assumed to be metastasized from the antral tumor (Figures 2A-C) . A chest X-ray revealed no evidence of lung metastases. After her anemia and overall clinical condition improved, the patient underwent a wedge resection of the antral tumor, partial hepatectomy of the liver segment V lesion, and excision of the retroperitoneal tumor. Subsequent follow up at our hospital revealed an uneventful recovery.
The excised gastric tumor was grayish in color, 3.5 cm in diameter and had a solid parenchyma. Microscopic study revealed spindle cells arranged in fascicles, palisades and whorls. Immunohistochemical studies were positive for CD117 and CD34 ( Figures 3A and  3B ). The mitosis count was less than 5 per 50 cells in each high-power field, which raised suspicion of gastrointestinal stromal tumor (GIST) with low risk of malignancy. Analysis of a liver specimen showed similar pathologic characteristics and immunohistochemistry findings to those observed in the gastric tumor and confirmed the diagnosis of GIST with liver metastasis. The retroperitoneal tumor was 4 cm in diameter with grayish nodules and well-defined nests of cuboidal cells that were separated by highly vascularized fibrous septa. Immunohistochemical studies were positive for chromogranin and synaptophysin ( Figures 3C and  3D ). Thus paraganglioma was diagnosed.
This diagnosis prompted further study for other lesions in the Carney triad. Positron emission tomography (PET) CT scans performed 1 month after surgery showed several regions of high fluorodeoxyglucose ( 18 F) (FDG) avidity over liver segments II, III and V, between the right atrium and ventricle of the heart, and over the left subtemporal fossa ( Figures 4A and 4B ). Postoperative adjuvant therapy with imatinib mesylate (400 mg/day) was started 4 weeks after the metastatic GIST lesion was identified. A chest X-ray taken 5 months postoperatively showed several new nodular shadows over her bilateral lower lung field and were suspected to be metastatic GIST lesions or pulmonary chondromas, which is the third component of the Carney triad. However, the patient was otherwise asymptomatic. Further chest X-ray and an abdominal CT scan at 32 months after operation showed no change in pulmonary lesions or liver metastatic lesions ( Figure 2E ). Her condition was stable at her 33-month postoperative follow-up visit. 
original magnification, 40×). (B) Immunohistochemical staining for CD117 revealed strong cytoplasmic staining (original magnification, 200×). (C) Two cell types-chief cells (arrowhead) with pale eosinophilic cytoplasm and sustentacular cells (double arrows)-form an organoid pattern ("zellballen") in the paragangliomas (hematoxylin and eosin staining, 200×). (D) Immunohistochemical staining for chromogranin A revealed strong cytoplasmic staining (single arrow) (original magnification, 200×).

DISCUSSION
In 1977, Carney et al [1] first reported the association between gastric leiomyosarcoma, extra-adrenal paraganglioma and pulmonary chondroma in seven patients. This synchronous or metachronous condition was later referred to as the Carney triad [2] . In 1999, Carney [3] collected data for a population of 79 patients with this syndrome, which included most of the cases reported worldwide. Important findings included female predominance (85%) and early onset of symptoms before 30 years of age in 82% of cases. Because associated tumors were rare and only 78% patients had one or two of the three components at the onset of symptoms, the presence of at least two of these three rare tumors was considered sufficient for diagnosing the triad. In practice, however, few patients exhibit all three components of the Carney triad, and its clinical presentation is usually chronic, persistent and indolent.
The gastric leiomyosarcomas in Carney triad are now termed GISTs. GISTs are immunohistochemically positive for KIT, which is also expressed by the interstitial cells of Cajal. A GIST is the most commonly observed (99%) component of Carney triad [3] . The most common initial clinical manifestation is a GIST with bleeding and associated symptoms and signs (e.g. anemia, hematemesis, and melena) [4] , as noted in our case. Another widely reported characteristic of GISTs, as revealed by upper endoscopy in our case, is an ulcerated submucosal mass in the antrum close to the lesser curvature. Microscopic observation of the masses revealed polygonal and fusiform cells arranged in sheets, clusters and fascicles. In this triad, gastric GISTs are characterized by (1) early occurrence, (2) few local symptoms, (3) an intramural origin with eventual mucosal ulceration, (4) presentation typically in the antrum and the lesser curve, and (5) very slow progression of the metastases [3] . Surgical excision remains the only curative therapy for gastric GISTs associated with Carney's triad. Although partial gastrectomy may be performed initially, further gastrectomy may be required if the tumors recur [3, 4] . However, after initial surgical resection, recurrence of GISTs still occur in 46% of patients and multiple resections are often necessary. Meanwhile, excision is the preferred method for treating accessible hepatic metastatic lesions arising from a GIST.
Alternative therapies for metastases from GISTs are an interesting issue. Chemotherapy, radiation, thermoablation or cryoablation have been proven to be ineffective for treating metastatic lesions. Despite the widespread use of the tyrosine kinase inhibitor imatinib mesylate for treating metastatic GISTs, its role in gastric GISTs in the Carney triad has been rarely reported. Diment et al [5] performed the first molecular analysis of gastric GISTs in Carney triad, which revealed the absence of mutations in c-kit and platelet-derived growth factor receptor-α, with similar findings reported by Knop et al [6] and Stratakis et al [7] . Raffensperger and Krueger [8] shared their 
Figure 4. Positron emission tomography-computed tomography scans. (A) High 18-fluoro-2-desoxyglucose avidity was found over segment V/VIII of the liver (single arrow) and between the right atrium and right ventricle of the heart (double arrows). (B) High 18-fluoro-2-desoxyglucose avidity was also found over segment II/III of the liver (single arrow) and the left subtemporal fossa (double arrows).
experience in providing adjuvant therapy with imatinib mesylate in a patient surgically treated for liver metastases from gastric GISTs. However, 18 months after starting adjuvant therapy, the patient died of multiple metastases from her gastric GISTs. Stratakis and Carney [7] and Matyakhina et al [9] , in their later reports of cases with Carney triad, revealed two chromosomal changes, 1q12-q21 deletion region and the loss of 1p. Both Diment et al [5] and Stratakis and Carney [7] concluded that the poor response of gastric GISTs in the Carney triad to imatinib mesylate may be due to the absence of c-kit and platelet-derived growth factor receptor-α mutations, either of which occur in most sporadic GISTs. The patient in the current study stabilized after 32 months of imatinib mesylate treatment. However, a longer follow-up is needed to exclude possible disease progression. We recommend further studies of adjuvant therapy for Carney triad GISTs to obtain a definite conclusion. In contrast to the frequent occurrence of gastric GISTs in the Carney triad, extra-adrenal paraganglioma was reported in only 47% of patients [3] . Microscopically, the granular cytoplasm ranges from eosinophilic to clear and is arranged in a trabeculoalveolar pattern supported by a fibrovascular stroma. Extra-adrenal paragangliomas are usually positive for chromogranin A. Other features include an extraadrenal location, multifocality, functioning in 35% of cases and benign behavior in most cases [3] . However, four patients also exhibited metastasis from this tumor, which was also observed in the study by Carney. Therefore, the paraganglioma should be resected if it is accessible owing to the possibility of metastasis, the potential for compromised vascular and neural structures by continued growth of the tumor, and the positive outcomes of curative surgery. Vogl et al [10] shared their successful experience in treating paraganglioma non-operatively using transarterial embolization to impede the growth of mediastinal paragangliomas and carotid gangliomas. However, further evaluation of interventional radiology is needed to clarify its role in managing the Carney triad.
Pulmonary chondromas, the third component of the Carney triad, occur in 76% of patients [3] . Chondromatous hamartoma of the lung is believed to be a benign neoplasm derived from peribronchial mesenchyme [11] . Histologically, pulmonary chondromas are composed of mature cartilage, bone and myxoid stroma containing stellate mesenchymal cells [12] .
The clinical features of these pulmonary tumors include: (1) appearance early in the disease course; (2) absence of symptoms or deleterious effects in most patients; (3) multifocal, bilateral or peripheral occurrence; (4) coarse calcification; (5) benign course; and (6) can be cured by surgery [3] . The tumor can be excised by thoracotomy or thoracoscopic approaches [13] . However, the tumor could be left in situ, as in the present case in whom surgical biopsy was not performed because the pulmonary lesions were asymptomatic and indolent [8, 12] .
Due to the extreme rarity of the triad components occurring individually, patients who are diagnosed with one component of the Carney triad should be assessed for the other components, particularly in female patients younger than 40 years of age. Margulies and Sheps [14] presented an algorithm for the initial assessment and continued follow-up of patients with one component of the Carney triad. In patients with gastric GISTs who also present with symptoms and signs of catecholamine excess, e.g. hypertension, or the presence of metanephrine or vanillylmandelic acid in 24-hour urine samples, the algorithm is an effective screen for biochemically active paragangliomas. If urine assays show abnormal findings, 131 I-metaiodobenzylguanidine scans should be performed to localize the tumors. Vogl et al [10] reported the clinical use of 18-fluoro-2-desoxyglucose PET (FDG-PET) as an imaging tool in patient followup programs. Their use of FDG-PET in a patient diagnosed with a gastric GIST and pulmonary chondroma successfully identified one mediastinal mass, which was consistent with the presence of paragangliomas later identified by a 131 I-metaiodobenzylguanidine scan and 111 In octreotide scintigraphy. Kächele et al [15] also reported an epicardial paraganglioma lesion identified by PET CT in a patient who had undergone surgical removal of a GIST 1 month earlier. The above findings emphasize the importance of FDG-PET CT scans in patients with the Carney triad. Metabolically active lesions revealed by FDG-PET CT scans may represent paragangliomas in addition to GIST metastases or other primary tumors. Thus further diagnostic studies and intervention may be justified depending on the lesion location and the clinical condition of the patient. In the patient reported here, PET CT scans performed 1 month after surgery revealed several lesions over the bilateral lobes of the liver, right pericardium and left subtemporal area.
The PET CT scans detected occult lesions that other conventional imaging tools (i.e. standard CT) may not identify in the early postoperative phase. PET CT scans also provide a guide for follow-up after adjuvant therapy. Nevertheless, additional experience is needed to confirm the diagnostic role of PET CT in this triad. In summary, this case report and literature review of the Carney triad should alert physicians to the possibility of this rare syndrome in young patients who exhibit one of the three components in unusual locations and the need for further diagnostic studies to identify early-stage tumors while curative surgery is still possible. Some patients may require long-term follow-up to detect other components of the Carney triad. Finally, the role of PET CT scans in identifying occult lesions and in guiding adjuvant therapy for gastric GISTs associated with this syndrome need further studies before definite conclusions can be made.
